A general method for the ultrastructural localization of intracellular proteins and antigens by immunoferritin techniques has been developed. The method involves direct staining of ultrathin sections of mildly glutaraldehyde-fixed and frozen tissues cut by means of a cryo-ultramicrotome. Bovine pancreatic sections were cut, mounted on grids, and stained with ferritin-rabbit antibovine RNase conjugates. After negative staining with 0.2% phosphotungstic acid, electron micrographs revealed specific labeling of all of the zymogen granules and the cisternae of the rough endoplasmic reticulum. No significant labeling was seen in the nucleus, mitochondria, or cell sap regions. The observation that no significant labeling was found in any region of rat pancreatic sections was consistent with the fact that rat RNase is immunologically noncrossreactive with bovine RNase. In addition, the labeling seen in bovine pancreas was completely absent if the sections were first incubated with free antibody. The method used here avoids prolonged fixation, dehydration, and other harsh chemical or physical treatments, and should extend the usefulness of immunoferritin techniques to the intracellular localization of many protein antigens beyond previously available methods.
The localization of extracellular antigens by immunoferritin staining at the electron microscopic level has been quite effective, but the same technique for the localization of intracellular components has suffered several serious difficulties. In general, two approaches have been used to make intracellular antigens accessible to ferritin conjugates: (a) The plasma membranes of mildly fixed cells have been made penetrable to conjugates by some means such as freezethawing (1) (2) (3) (4) . These devices, while successful in a limited number of cases, have serious drawbacks as general methods because they often seriously damage the cellular ultrastructure. Furthermore, they do not insure the accessibility of all cellular organelles to the bulky conjugates. (b) The second approach has been to ferritin-stain ultrathin sections of cells and tissues (5, 6) . Because all commonly used embedding materials bind ferritin-antibody conjugates nonspecifically, new procedures have been sought. The most promising of these has been the protein embedment method of McLean and Singer (6) , which was successfully used in several systems and recently was used by Kraehenbuhl and Jamieson to label trypsinogen in ultrathin sections of bovine pancreas (7) . This method, unlike others, did not involve the use of either organic solvents or lipid-solubilizing embedding materials. It should continue to prove useful for studies of intracellular localization, but it has encountered two problems: one is the tightly-packed intracellular matrix that results from the dehydration step in the protein embedment procedure, which we think may limit access of the ferritin conjugates to the antigen in the section, and the second is the inadequate positive staining of the section that makes it difficult to identify intracellular structures.
Recently, Tokuyasu (8) Tissue pieces were prepared for ultrathin sectioning by the method of Tokuyasu (8) , as follows: The tissue blocks were perfused with 50% sucrose buffer [50 g of sucrose in 100 ml of 0.05 M Na phosphate (pH 7.4) ] for 1 hr at 4°. The sucrosetreated tissue block was mounted on a copper block and frozen by plunging it into liquid nitrogen. Ultrathin sections of the frozen tissue block were then made at -75°with a PorterBlum MT-2 ultramicrotome equipped with a cryo-kit attachment (Ivan Sorvall, Inc., Newtown, Conn.). The use of 50% sucrose and a cutting temperature of -75°gave optimum sectioning with -pancreatic tissues. Other tissues may, however, require somewhat different sectioning conditions (8) . Sections were cut on a dry glass knife and picked up by means of a small droplet of saturated sucrose (0.5 to 1 mm diameter) suspended on an eyelash probe. The dry, frozen sections were picked up from the knife by touching the sucrose droplet to the sections before the droplet froze completely. After removal to room temperature, the sections were allowed to melt on the droplet surface, in order to flatten them by surface tension, and mounted on carbon-coated Formvar grids by touching the droplet surface bearing the sections to the grid.
Such sections were treated with conjugates as follows: (a) The grids were floated face down for 5 min on a large droplet of 0.05 M Na phosphate buffer-0.14 M NaCl, containing 0.01 M glycine (Gly-PBS) (pH 7.4). (b) The grids were preconditioned to eliminate any residual nonspecific binding of conjugate by floating them face down on a 5% bovineserum albumin solution for 5 min as described (9) . (c) A large droplet of conjugate (1-2 mg/ml) was carefully applied to each grid and allowed to incubate for 5-10 min; care was taken to prevent contamination of the backside of the grid by solution. (d) The excess conjugate was removed by quickly touching the grid to two large droplets of Gly-PBS followed by five successive 1-min washes on buffer droplets. At no time during the entire procedure were grids allowed to dry. In order to demonstrate specificity, a few grids were treated similarly except that they were floated on 1.5% anti-RNase for 10 min just before the addition of the conjugate [step (c) above]. All grids were finally floated on 2% glutaraldehyde in 0.1 M sodium phosphate buffer (pH 7.4) for 10 min, washed with distilled water, and negatively stained with 0.2% phosphotungstic acid.
The sections were viewed with a Philips EM 300 electron microscope at an accelerating voltage of 60 kV.
Rabbit antisera to bovine pancreatic ribonuclease (Worthington Biochemicals; 6 times crystallized) was prepared by repeated subcutaneous immunization of New Zealand white rabbits with the enzyme emulsified in Freund's complete adjuvant (Difco, Inc., Detroit). Antibody was purified from pooled serum by affinity chromatography on RNase-Sepharose 4B (2 mg of protein per ml of wet gel) (10). The antibody was eluted from the gel with 0.1 M acetic acid at room temperature (250), immediately titrated to pH 5.5 with 1 M Na-acetate, and dialyzed overnight against cold phosphatebuffered saline (pH 7.4). The resultant solution was ultracentrifuged for 1 hr at 50,000 X g to remove aggregated protein and stored frozen at -20°. Anti-RNase prepared in this way was found to be 70-80% precipitable with pure antigen as judged by quantitative precipitin analysis. The antibody did not react with either bovine a-chymotrypsinogen or bovine trypsinogen as judged by Ouchterlony gel diffusion optimum results, 6- (11) . A given preparation was judged satisfactory if it gave little or no nonspecific staining of a carbon-Formvar-coated grid that had been previously conditioned with a 5% bovine-serum albumin solution. Ferritin was stored sterile at 4°.
Ferritin was conjugated to the pure anti-RNase antibodies with 2,4-toluene diisocyanate as described (12) . The conjugate was stored at 40, after separating it from the unconjugated reactants by gel chromatography on Bio-Gel 1.5 m (Bio-Rad, Richmond, Calif.) as described (13) . The Fig. 2a shows a 600-A frozen ultrathin section of bovine pancreas that had been stained directly on the microscope grid after previous conditioning with bovine-serum albumin. The ferritin particles were clearly localized in the zymogen granules and the cisternae of the endoplasmic reticulum, both of which are known to have RNase present (17) (18) (19) (20) . Those cellular regions known to have little or no pancreatic RNase, such as the cell nucleus, cell cytoplasm (Fig. 2a) , and mitochondria (Fig. 2b) , were not stained above background levels.
In addition, nonacinar cells such as erythroytes or endothelial cells in the same section were not stained.
Figs. 3 and 4 are typical micrographs of rat pancreas treated in a manner identical to that of bovine in Fig. 2a . As expected from the species specificity of the antibody, no significant labeling of any region of rat pancreas was seen. The overall morphological preservation of the rat pancreas was superior to that of the bovine tissue. The examination of both tissues, embedded conventionally in Epon 812, confirmed this result. The apparent morphological deterioration of the bovine pancreas is likely due to autolysis after death since it was fixed at least 15 min after death at a local slaughterhouse.
The results taken together demonstrate that our procedure for preparing ultrathin frozen sections can yield sections having both good morphological preservation and excellent ferritin-antibody staining characteristics.
Another demonstration of the specificity of the staining with Fer-anti-RNase is shown in Fig. 5 . In this case, the bovine pancreatic sections were treated with unconjugated antiRNase before the conjugate was applied. The unconjugated antibody completely inhibited the conjugate staining reaction.
Normal IgG did not appreciably inhibit the Fer-anti-RNase analysis. Since ferritin of a high quality is essential for Proc. Nat. Acad. Sci. USA 70 (1973) reaction, indicating the high specificity of the inhibition. The distribution of RNase in pancreatic cells is comparable to that found for trypsinogen by Krahenbuhl and Jamieson. First, the fact that all zymogen granules contain the enzyme rules out any specialized packaging of either RNase or trypsinogen. There is no evidence at present to believe that other zymogen enzymes will be localized any differently. Secondly, no detectable quantity of either protein is present in the cell sap as accords with previous biochemical findings (17) (18) (19) (20) . Rather, both trypsinogen and RNase are found only in the cisternae, zymogen granules, or the pancreatic secretory ducts. All of these observations are consistent with previous autoradiographic observations (21) that zymogen proteins synthesized in the pancreatic acinar cells are transferred to the cisternae of the endoplasmic reticulum, transformed into zymogen granules by the Golgi apparatus, and, finally, secreted into the secretory ducts as the limiting membrane of zymogen granules fuses with the plasma membrane.
